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4.4.1
Cell ID Based Method

In the cell ID based (i.e. cell coverage) method the location of an UE is estimated with the knowledge of its serving node-B. The information about the serving node-B and cell may be obtained by paging, locating area update, cell update, URA update, or routing area update.

The cell coverage based location information can be indicated as the Cell Identity of the used cell, the Service area identity or as the geographical co-ordinates of a location related to the serving cell. The location information shall include a QoS estimate (e.g. regarding achieved accuracy).

When geographical co-ordinates are used as the location information, the estimated location of the UE can be a fixed geographical location within the serving cell (e.g. location of the serving node-B), the geographical centre of the serving cell coverage area, or some other fixed location within the cell coverage area. The geographical location can also be obtained by combining information on the cell specific fixed geographical location with some other available information, such as the signal Round Trip Time (RTT) in FDD (as specified in [17]) or Rx Timing deviation measurement (as specified in [18]) and knowledge of the UE timing advance, in TDD.

The operation of the cell ID based location method is described in clause 8.

8.1
Cell ID determination

In order for the S-RNC to determine the cell ID when an LCS request is received, additional operations may be needed depending on the operational status of the UE.

Figure 8.1 illustrates the procedure for the cell ID based location method when the UE is in different RRC states. When the LCS request is received from the core network the S-RNC checks the state of the target UE. If the UE is in a state where the cell ID is available, the target cell ID is chosen as the basis for the UE location. In states where the cell ID is not available, the UE is paged, so that S-RNC can establish the cell with which the target UE is associated. In order to improve the accuracy of the LCS response the S-RNC may also request RTT or RX Timing Deviation measurements from the Node B or LMU associated with the cell ID. The S-RNC may also map the cell ID to a corresponding Service Area Identifier (SAI) to match the service coverage information available in the core network.

The cell ID based method shall determine the location of the UE regardless of the RRC state, including URA_PCH, Cell_PCH, Cell_DCH, Cell_FACH, cell reselection, inter-system modes, as well as an idle mode.

8.3
Mapping the Cell ID to Geographic Co-ordinates or a Service Area

A UTRAN cell ID should be mapped to geographical coordinates or a Service Area Identifier (SAI) before being sent from UTRAN to the core network. The Service Area Identifier may include one or several cells. The mapping may be accomplished either in the S-RNC, in a Network Management System (NMS, including Network Management Unit, NEMU) or by co-operation of various access network elements.

The core network may request the geographical co-ordinates or the SAI, or both for the target UE. The SAI may be used for routing of corresponding Emergency calls, or for CAMEL services to correspond to the usage of Cell ID in the core network of GSM. However, the MSC shall not send the Service Area Identity to GMLC. 

Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the S-RNC is not standardised, the response to the core network location request with geographical co-ordinates shall be as defined in TS 23.032. 

It should be noted that the Service Area concept is different from the Localised Service Area concept used for SoLSA services.

In order to determine a cell coverage estimate and to map it to the geographical coordinates or Service Area parameter Identity, the S-RNC may use parameters such as the best reference signal, Round Trip Time (RTT) in FDD [17] or Rx Timing Deviation [18] and knowledge of the UE timing advance in TDD, as well as antenna beam direction parameters.

Alternatively, the service area coverage of a cell may be determined by using a reference signal power budget. Based on the reference signal power budget it is possible to obtain, for example, the base station transmitted power, isotropic path loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an indoor and outdoor coverage.

The S-RNC may use a reference signal link budget based cell radius estimate, in conjunction with the cell identifier, to make a coverage estimation for the cell(s) related to the target UE.

Additionally, the S-RNC may compare the received power levels with the power budget, whereby more accurate information of the location of the UE may be provided.

Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact location of the UE.

9.1
Use of Idle Periods

For realising location based services the support of physical layer is a prerequisite, so that the measurements required for the terminal location calculation can be carried out. In UTRAN there are several factors that must be taken into account while considering the physical layer procedures related to location services:

-
hearability: a basic consequence of a CDMA radio system is that a terminal near its serving base station cannot hear other base stations on the same frequency. In order to calculate terminal location the terminal should be able to receive at least three base stations. To facilitate this some special means are required;

-
asynchronous network causes significant uncertainty to the time-difference-of-arrival (TDOA) measurements. To compensate for the effects of this, the relative time difference (the synchronicity) between base station transmissions must be measured, and used for correcting TDOA measurement;

-
capacity loss: signalling related to location calculation may take capacity from other services. This capacity loss should be minimised.

Based on the results of the work done in ARIB SWG2/ST9 (see reference [20]) a solution for the above mentioned hearability problem is the IPDL (Idle Period DownLink) method. In this method each base station ceases its transmission for short periods of time (idle periods). During an idle period of a base station, terminals within the cell can measure other base stations and the hearability problem is reduced. Also, during idle periods the real time difference measurements can be carried out. Because the IPDL method is based on forward link (downlink) the location service can be provided efficiently to a large number of terminals simultaneously.

The specification and operation of the IPDL technique are provided in the following subclause. 

10.1
Timing calibration

Timing calibration isspecified in [17].
10.2
Timing assistance

The UTRAN may derive the estimated UE location using UTRAN (eg. Cell-ID or IPDL) parameters and may use this information, in conjunction with satellite specific ephemeris data from the UTRAN based GPS reference receiver, to derive the estimated time difference (code phase) between equivalent GPS satellite signals received by the UTRAN based GPS reference receiver and the UE based GPS receiver. The estimated code phase data may be conveyed, together with TUTRAN-GPS (as specified in [17]), from the UTRAN to the UE using higher layer signalling. The estimated code phase data value is uncertain to a degree depending on the accuracy of the UTRAN location determination method used.

10.5.1
UE-based method

The UE-based method maintains a full GPS receiver functionality in the UE, and the location calculation is carried out by the UE, thus allowing stand-alone location fixes.

If the location was requested by an application in the network, then the calculated location is signalled to the proper network element.

The following information may be signalled from the UTRAN (LSIF) to the UE:

-
number of satellites for which assistance is provided;

-
reference time for GPS (TUTRAN-GPS) (specified in [17]);

-
reference location;

-
ionospheric corrections;

-
satellite ID for identifying the satellites for which the assistance is provided;

-
ephemeris and clock corrections to accurately model the orbit of the particular satellite and information when this becomes valid;

-
UTC offset;

-
DGPS corrections;

-
almanac data.

-
real-time integrity (e.g., a list of unusable satellites).

The following information may be signalled from the UE to the UTRAN (LSIF):

-
reference time for GPS;

-
serving cell information;

-
Latitude/Longitude/Altitude/Error ellipse;

-
velocity estimate of the UE;

-
satellite ID for which the measurement data is valid;

-
Whole/Fractional chips for information about the code-phase measurements;

-
C/N0 of the received signal from the particular satellite used in the measurements;

-
doppler frequency measured by the UE for the particular satellite signal;

-
pseudorange RMS error;

-
multipath indicator.

10.5.2
UE-assisted method

In the UE-assisted method, the UE employs a reduced complexity GPS receiver functionality. This carries out the pseudorange (code phase) measurements. These are signalled, using higher layer signalling, to the specific network element that estimates the location of the UE and carries out the remaining GPS operations. In this method, accurately timed code phase signalling (as specified in [17]) is required on the downlink. The signalling load in the uplink direction can be larger than in the UE-based method. If DGPS is performed in the UE, then differential corrections must be signalled to it. On the other hand, DGPS corrections can be applied to the final result in the network to improve the location accuracy without extra signalling to the UE.

The following information may be signalled from the UTRAN (LSIF) to the UE:

-
number of satellites for which assistance is provided;

-
reference time for GPS (TUTRAN-GPS) (specified in [17]);

-
satellite ID for identifying the satellites for which the assistance is provided;

-
doppler (0th order term);

-
doppler (1st order term);

-
code phase;

-
code phase centre and Search Window width;

-
ephemeris;

-
azimuth;

-
elevation.

The following information may be signalled from the UE to the UTRAN (LSIF):

-
reference time for GPS (TUE-GPS) (specified in [17]);

-
number of Pseudoranges;

-
SVID;

-
satellite C/No;

-
doppler;

-
satellite Code Phase;

-
multipath Indicator;

-
pseudorange RMS Error.

Additional parameters, such as round trip time (RTT), UE receiving transmitting time (UE RxTx), SFN-SFN observed time difference and CPICH Ec/No, may be used to improve the performance of UE-assisted GPS. All the additional parameters are defined in [17] and can be made available through RRC signalling. Furthermore, to those UE technologies requiring externally provided sensitivity and time aiding data, some navigation bits may be sent from UTRAN to UE for sensitivity assistance and time recovery.
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